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(Differential Evolution, $DE$) 1995 Storn Price [1, 2]
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$DE$
$F$ , $CR$, $N$ 3
$DE$
$F$ $CR$
$\epsilon DE(\epsilon$ constrained $Rank-$based $DE, \epsilon RDE)$
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$(P)$ minimize $f(x)$ (1)
subject to $g_{j}(x)\leq 0,$ $j=1,$ $\ldots,$ $q$
$h_{j}(x)=0, j=q+1, \ldots,m$
$l_{i}\leq x_{i}\leq u_{i}, i=1, \ldots,n$
$x=(x_{1}, \cdots, x_{n})$ $n$ $f(x)$ $g_{j}(x)\leq 0$ $q$
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2.2
$\epsilon$ $\phi(x)$ $\phi(x)$
$\{\begin{array}{l}\phi(x)=0(x\in \mathcal{F})\phi(x)>0(x\not\in \mathcal{F})\end{array}$ (2)
$\phi(x) = \max\{\max\{0, gjj(X)\}, \max j|h_{j}(x)|\}$ (3)
$\phi(x)$ $=$
$\sum_{j}\max\{0, gj(x)\}^{p}+\sum_{j}|h_{j}(x)|^{p}$ , $p$ (4)
2.3 $\epsilon$
$(f, \phi)$ $\epsilon$
$x_{1},$ $x_{2}$ $fi,$ $f_{2}$ , $\phi_{1},$ $\phi_{2}$ $(f_{i}, \phi_{i})$
$\epsilon$ $<_{\epsilon},$ $\leq_{\epsilon}$ $(\epsilon\in[0, oo))$
$(f_{1}, \phi_{1})<_{\in}(f_{2}, \phi_{2})\Leftrightarrow\{\begin{array}{l}f_{1}<f_{2}, if \phi_{1}, \phi_{2}\leq\epsilon fi<f_{2}, if \phi_{1}=\phi_{2}\phi_{1}<\phi_{2}, otherwise\end{array}$ $(fi, \phi_{1})\leq_{\epsilon}(f_{2}, \phi_{2})\Leftrightarrow\{\begin{array}{l}f_{1}\leq f_{2}, if \phi_{1}, \phi_{2}\leq\epsilon fi\leq f_{2}, if \phi_{1}=\phi_{2}\phi_{1}<\phi_{2}, otherwise\end{array}$ (5)
$<0,$ $\leq 0$ $<_{\infty},$ $\leq_{\infty}$
2.4 $\epsilon$
$\epsilon$ $\epsilon$
$\epsilon$ $(P_{\leq_{\epsilon}})$ , $\epsilon$
minimize $\leq_{\epsilon}$ $\leq_{\epsilon}$
$(P_{\leq_{\epsilon}})$ minimize $\leq,$ $f(x)$ (6)





$(P^{\epsilon})$ $(P_{\leq_{\epsilon}})$ , (P) [7].
1 $(F)$ $(P_{\leq_{\epsilon}})$ $(\mathcal{F}^{\epsilon})$
2 $(P)$ $(P_{\leq })$ $(P)$




3 $\epsilon$ Rank-based Differential Evolution($\epsilon$RDE)
3.1 Differential Evolution
$DE$ $S$ $x^{i}=(x_{1}, \cdots, x_{n})$ $P=\{x^{1}, \cdots , x^{N}\}$
$n$
1 $+$ 2 $num$ (base vecor)




















$CR$ $x^{i}$ , $x^{b}$ , $R_{b}$ $x^{i}$
$C$ 1
$F_{i}=F_{\min}+(F_{\max^{-F_{m}}n)\frac{R_{b}-1}{N-1}} i, CR_{i}=CR_{\max-}(CR_{\max}-CR_{\min})\frac{R_{b}-1}{N-1}$ (8)






Rank-based $DE(\epsilon RDE)$ $\epsilon$RDE/rand/l/exp
(0) $N$ $x^{i}$ $P=\{x^{i}, i=1,2, \cdots, N\}$
(1) $FE_{\max}$
(2) $( \in\{1,2, \cdots, N\})$
(3)




(3b) $R_{p_{1}}$ (8) $C$ $x’$
$x^{child}$ $j$ $[$ 1, $n]$
$x^{child}$ $i$ $x’$ $j$
$C$ $x’$ $x^{i}$
(3a) (3b)
(4) $x^{child}$ $x^{i}$ $\epsilon$






$\epsilon RDE$ $N=20,$ $F_{m}i$ $=CR_{m}i=0.7,$ $F=CR1.0$










$0\leq g_{1}(x)\leq 92,90\leq g_{2}(x)\leq 110,20\leq g_{3}(x)\leq 25,$
$78\leq x_{1}\leq 102,33\leq x_{2}\leq 45,27\leq x_{3}, x_{4}, x_{5}\leq 45.$
1 Himmerblau 13 $\epsilon DE,$
$\epsilon PSO,$ $\epsilon GA$ $DE,$ $PSO,$ $GA$ $\epsilon$ $\epsilon RDE$
[9] MGA $GA$
Gen $GA$ GRG Generalized Reduced Gradient Death
death penalty static




1: Result of Himmerblau’s problem
$\epsilon RDE$ $\epsilon DE$ 2,500 5,000 $\epsilon PSO,$ $\epsilon GA$
MGA 5,000 Cxevolutionary 50,000
Co-evolutionay 900,000 $\epsilon$
$\epsilon RDE,$ $\epsilon DE,$ $\epsilon PSO,$ $\epsilon GA$ $DE$ $\epsilon$ $\epsilon RDE$ $\epsilon DE$
5,000 $\epsilon RDE$
$\epsilon RDE$ 2,500 $\epsilon RDE$
$\epsilon RDE$ $\epsilon RDE$
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4.3 Welded Beam Design
$(\tau)$ , $(\sigma)$ , $(P_{c})$ , $(\delta)$
1 4 $h(x_{1}),$ $l(x_{2}),$ $t(x_{3}),$ $b(x_{4})$
Minimize $f(x)=1.10471x_{1}^{2}x_{2}+0.04811x_{3}x_{4}(14+x_{2})$
subject to (11)
$g_{1}(x)=\tau(x)-\tau_{\max}\leq 0, g_{2}(x)=\sigma(x)-\sigma_{\max}\leq 0, g_{3}(x)=x_{1}-x_{4}\leq 0,$
$g_{4}(x)=0.10471x_{1}^{2}+0.04811x_{3}x_{4}(14+x_{2})-5\leq 0, g_{5}(x)=0.125-x_{1}\leq 0,$
$g_{6}(x)=\delta(x)-\delta_{\max}\leq 0, g_{7}(x)=P-P_{c}(x)\leq 0,0.1\leq x_{1}, x_{4}\leq 2,0.1\leq x_{2}, x_{3}\leq 10,$
where
$\tau=\sqrt{\tau^{;2}+2\tau’\tau"\frac{x_{2}}{2R}+\tau^{\prime/2}}, \tau’=\frac{P}{\sqrt{2}x_{1}x_{2}}, \tau"=\frac{MR}{J}, M=P(L+\frac{x_{2}}{2})$ ,
$R= \sqrt{\frac{x_{2}^{2}+(x_{1}+x_{3})^{2}}{4}}, J=2\sqrt{2}x_{1}x_{2}(\frac{x_{2}^{2}}{12}+\frac{(x_{1}+x_{3})^{2}}{4}), \sigma(x)=\frac{6PL}{x_{4}x_{3}^{2}},\delta(x)=\frac{4PL^{3}}{Ex_{3}^{3}x_{4}},$
$Pc(x)= \frac{4.013E\sqrt{x_{3}^{2}x_{4}^{6}/36}}{L^{2}}(1-\frac{x_{3}}{2L}\sqrt{\frac{E}{4G}}), P=6000lb, L=14in, \delta_{\max}=0.25in,$
$E=30\cross 10^{6}psi, G=12\cross 10^{6}psi, \tau_{\max}=13600psi, \sigma_{\max}=30000psi.$
2: Result of welded beam problem
1: Welded beam design
2 $\epsilon RDE,$ $\epsilon DE,$ $\epsilon PSO$
5,000 $\epsilon RDE$ $\epsilon RDE$
2,500 $\epsilon RDE$
5,000 $\epsilon DE$ $\epsilon RDE$
4.4 Pressure Vessel
2 Ts( $x_{1}$ ), Th( $x_{2}$ ), $R$ ( x3), $L$ (
$x_{4}$ ) 4 $T_{s}$ $T_{h}$ 0.0625
3 Deb Genetic Adaptive Search, Kannan Lagrange Sandgen
$\epsilon RDE$ 2,500 5,000 $\epsilon DE$
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$x_{1},$ $x_{2}=0.0625i,$ $i\in\{1,2, \cdots, 99\},$
$10\leq x_{3},$ $x_{4}\leq 200.$
5,000 10,000 $\epsilon PSO,$ $\epsilon GA$ MGA 50,000
$Cx$evolutionary 250,000 Cxevolutionary 900,000
$\epsilon RDE,$ $\epsilon DE$ 5,000 $\epsilon RDE$
$\epsilon RDE$
2,500 $\epsilon RDE$ 5,000 10,000 $\epsilon DE$
50,000 2,500 $\epsilon RDE$
$\epsilon RDE$
3: Result of Pressure Vessel problem
5
$DE$
$DE$ $\epsilon$ $\epsilon DE$
$DE$
$F$ $CR$
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